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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method for a semiconductor provided with a clean resist 
pattern with a superior pattern shape for exceeding the 
limit, although micronization is limited by a wavelength in 
the formation of the resist pattern through exposure. 
SOLUTIOfvIMn this manufacturing method, a first resist 
pattern 1a, containing a material for generating acid by 
the exposure, is covered with second resist 2 containing 
resin which is soluble in an organic solvent to be bridge 
by the acid. Then, by forming a bridge layer 4 in the first 
resist pattern 1a by the exposure and performing 
development by the organic solvent, a second resist 
pattern 2a which is thicker than the first resist pattern 
1a is formed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the 1st resist pattern on a semi-conductor substrate, and the 
process which forms the 2nd resist which does not dissolve the 1st resist pattern of the above on 
this 1st resist pattern, but causes crosslinking reaction with an acid, The process which forms a 
bridge formation layer in the resist interface part of the above 2nd which touches the 1 st resist 
pattern of the above by supply of an acid, The process which develops negatives with the developer 
of an organic solvent system in which the part of the 2nd resist of the above non-constructing a 
bridge is dissolved without dissolving the 1st resist pattern of the above, and forms the 2nd resist 
pattern, It has the process which etches the above-mentioned semi-conductor substrate by using 
this 2nd resist pattern as a mask. The manufacture approach of the semiconductor device using 
what contains meltable resin to the organic solvent over which a bridge is constructed by resin 
meltable to the organic solvent which constructs a bridge with an acid as a resist ingredient of the 
above 2nd, or the organic solvent by this cross linking agent under existence of a meltable cross 
linking agent and an acid. 

[Claim 2] The manufacture approach of the semiconductor device according to claim 1 
characterized by heat-treating the 1st resist pattern before forming the 2nd resist on the 1st resist 
pattern. 

[Claim 3] The manufacture approach of the semiconductor device according to claim 1 or 2 
characterized by the 2nd resist ingredient containing a plasticizer or a surfactant. 
[Claim 4] The manufacture approach of the semiconductor device according to claim 1 to 3 
characterized by meltable resin containing silicone system resin to an organic solvent. 
[Claim 5] The manufacture approach of the semiconductor device according to claim 1 to 4 
characterized by the bridge formation part of resin meltable to an organic solvent being an 
unsaturated bond or a hydroxy! group. 

[Claim 6] The manufacture approach of the semiconductor device according to claim 5 
characterized by adjusting the reactivity of a bridge formation part, and an amount. 
[Claim 7] The manufacture approach of the semiconductor device according to claim 1 or 2 
characterized by for the developer of an organic solvent system mixing the 2nd good solvent and 
poor solvent of a resist ingredient, and adjusting the mixing ratio. 

[Claim 8] The manufacture approach of the semiconductor device according to claim 7 which good 
solvents are organic system polar solvents, and a poor solvent is water, and is characterized by 
adjusting the addition of water. 

[Claim 9] The semiconductor device characterized by manufacturing by the manufacture approach 
of a semiconductor device according to claim 1 to 8. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In a semi-conductor process, this invention relates to the semiconductor 
device which used the ingredient for detailed patterning, and its manufacture approach, in order to 
reduce the separation size or hole opening size of a pattern, in case resist Bataan is formed. 
[0002] 

[Description of the Prior Art] Wiring and separation width of face which are required of a 
manufacture process are dramatically made detailed with high integration of a semiconductor device. 
Generally, formation of a detailed pattern is performed by the approach of etching the various thin 
films of a substrate by using as a mask resist Bataan which formed resist Bataan with the 
photolithography technique and was formed after that. 

[0003] Therefore, in detailed pattern formation, a photolithography technique becomes very 
important. The photolithography technique consists of resist spreading, mask alignment, exposure, 
and development, and the limitation has produced it from constraint of exposure wavelength in 
detailed-ization to detailedHzing. 

[0004] Therefore, as the formation approach of the detailed resist pattern exceeding the limitation 
of the photolithography technique by the conventional exposure, the technique of a 
publication-number No. 250379 [ six to ] official report, a publication-number No. 134422 [ seven to 
] official report, etc. is proposed, and such technique uses the counter diffusion of the resinous 
principle of the 1st resist and the 2nd resist. However, the meltable photoresist ingredient is used 
for the organic solvent in which is made to dissolve the 1st resist as the 2nd resist, and it deals, and 
there is a problem into which the 1st resist pattern is made to transform. 

[0005] Moreover, the art which exfoliates the 2nd resist exposes the 2nd resist, generates an acid, 
and is carrying out dissolution clearance of the 2nd resist using the developers (an alkaline 
developer or xylenes, such as a tetramethylammonium hydrate water solution etc.) in which are 
made to dissolve the 2nd resist and it deals. However, it may solubilize by exposing also to the 1st 
resist which is a substrate at the time of exposure of the 2nd resist. Since the 1st solubilized resist 
becomes meltable to the solution in which is made to dissolve the 2nd resist and it deals, its 
possibility that the 1st resist will be dissolved at the time of dissolution clearance of the 2nd resist 
is high, and its process margin is small. 

[0006] Moreover, when the polyvinyl alcohol of a publication is used for a publication-number No. 
250379 [ six to ] official report as the 2nd resist, in order to develop negatives only with that the 
effectiveness is small, that the pattern configuration after processing is bad, and water, sufficient 
washing is not performed, but development residue, such as silverfish, tends to remain on a pattern, 
and there is a problem of generating a pattern defect, at the time of etching in degree process. 
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[0007] 

[Problem(s) to be Solved by the Invention] As explained above, formation of detailed resist Bataan 
which exceeds the limitation of the wavelength with the photolithography technique by the 
conventional exposure was difficult. Moreover, although the technique of making pattern formation 
exceeding a wavelength limitation possible is also proposed, some problems remain and it is difficult 
to apply to actual semi-conductor manufacture. This invention was made in order to solve this 
technical problem, and it tends to offer the semiconductor device manufactured by the manufacture 
approach of the semiconductor device by the detailed separation resist pattern formation technique 
using the ingredient for detailed patterning which realizes detailed separation resist Bataan 
formation which makes pattern formation exceeding a wavelength limitation possible, and this 
manufacture approach in detailed-izing of separation Bataan and a hole pattern. Furthermore, the 
selection width of face of base resin spreads by using a meltable ingredient for an organic solvent. 
[0008] 

[Means for Solving the Problem] The manufacture approach of the 1st semiconductor device 
concerning this invention The process which forms the 1st resist pattern on a semi-conductor 
substrate, and the process which forms the 2nd resist which does not dissolve the 1st resist pattern 
of the above on this 1st resist pattern, but causes crosslinking reaction with an acid, The process 
which forms a bridge formation layer in the resist interface part of the above 2nd which touches the 
1st resist pattern of the above by supply of an acid, The process which develops negatives with the 
developer of an organic solvent system in which the part of the 2nd resist of the above 
non-constructing a bridge is dissolved without dissolving the 1st resist pattern of the above, and 
forms the 2nd resist pattern, It has the process which etches the above-mentioned semi-conductor 
substrate by using this 2nd resist pattern as a mask. It is an approach using what contains meltable 
resin to the organic solvent over which a bridge is constructed by resin meltable to the organic 
solvent which constructs a bridge with an acid as a resist ingredient of the above 2nd, or the organic 
solvent by this cross linking agent under existence of a meltable cross linking agent and an acid. 
[0009] In the manufacture approach of the 1st semiconductor device of the above, the manufacture 
approach of the 2nd semiconductor device concerning this invention is the approach of 
heat-treating the 1 st resist pattern, before forming the 2nd resist on the 1 st resist pattern. 
[0010] The manufacture approach of the 3rd semiconductor device concerning this invention is an 
approach the 2nd resist ingredient contains a plasticizer or a surfactant, in the manufacture 
approach of the 1st or 2nd semiconductor device of the above. 

[0011] The manufacture approach of the 4th semiconductor device concerning this invention is an 
approach meltable resin contains silicone system resin to an organic solvent, in the above 1st 
thru/or the manufacture approach of the 3rd one of semiconductor devices. 

[0012] The manufacture approach of the 5th semiconductor device concerning this invention is an 
approach the bridge formation part of resin meltable to an organic solvent is an unsaturated bond or 
a hydroxy! group, in the above 1 st thru/or the manufacture approach of the 4th one of 
semiconductor devices. 

[0013] The manufacture approach of the 6th semiconductor device concerning this invention is an 
approach of adjusting the reactivity of a bridge formation part, and an amount in the manufacture 
approach of the 5th semiconductor device of the above. 

[0014] The manufacture approach of the 7th semiconductor device concerning this invention is an 
approach of the developer of an organic solvent system mixing the 2nd good solvent and poor 
solvent of a resist ingredient, and adjusting the mixing ratio, in the manufacture approach of the 1st 
or 2nd semiconductor device of the above. 

[0015] In the manufacture approach of the 7th semiconductor device of the above, good solvents 
are organic system polar solvents, a poor solvent is water, and the manufacture approach of the 8th 
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semiconductor device concerning this invention is an approach of adjusting the addition of water. 
[0016] The 1st semiconductor device concerning this invention is manufactured by the above 1st 
thru/or the manufacture approach of the 8th one of semiconductor devices. 
[0017] 

[Embodiment of the Invention] Drawing showing the mask pattern for forming target resist Bataan by 
which detailed separation was carried out by this invention shows gestalt 1 : drawing 1 of operation 
to (a) ~ (f) as an example of a mask pattern, namely, (a) — in the mask pattern 100 of a detailed 
hole, and (b), the pattern 400 of the remnants of isolation and (e) show the pattern 500 of the 
remnants of isolation, and, as for the detailed square pattern 200 and (c), (f) shows the pattern 600 
of the remnants of isolation, as for the mask pattern 300 of a detailed tooth space, and (d). Drawing 
2 and drawing 3 are process-flow drawings for explaining the detailed separation resist pattern 
formation approach of the-gestalt 1 operation of this invention. 

[0018] First, the formation approach of the detailed separation resist pattern concerning the gestalt 
of this operation and the manufacture approach of the semiconductor device using this are 
explained, referring to drawing 1 -3. As drawing 2 (a) shows, the 1st resist 1 which has the device in 
which an acid is generated inside by an optical exposure or heat-treatment in the semiconductor 
substrate (semi-conductor wafer) 3 is applied (about 0.7-1.0 micrometers in for example, thickness). 
This 1st resist 1 is applied with a spin coat etc. on a semi-conductor substrate, next gives Puri 
**-KU (it is heat treatment for about 1 minute at 70-120 degrees C), and evaporates the solvent in 
the 1st resist. 

[0019] Next, in order to form the 1st resist pattern, g line, i line, Deep-UV, a KrF excimer, an ArF 
excimer, EB (electron ray), or X-ray carries out projection exposure using the mask containing a 
pattern as shown in drawing 1 using the light source corresponding to the sensibility wavelength of 
the 1st used resist. 

[0020] Either a positive type or negative resist is [ that what is necessary is just a resist using the 
device which it is not limited and an acidic component generates inside a resist by the exposure of 
heat-treatment or light / that what is necessary is just the resist which generating of an acid 
produces by the exposure of a KrF excimer, an ArF excimer, EB (electron ray), or X-ray ] OK as 
especially the 1st resist used here. For example, as the 1st resist, the positive resist which consists 
of novolak resin and a naphthoquinonediazide system sensitization agent is mentioned. Furthermore, 
if it is a resist ingredient using the system of reaction which is possible also for application of the 
chemistry magnification mold resist using the device in which an acid is generated by exposure, as 
the 1st resist, and generates an acid by exposure, it will not be limited especially. 
[0021] After exposing the 1st resist as mentioned above, the resolution of a resist is raised by 
developing negatives if needed by performing PEB (exposure afterbaking) (for example, PEB 
temperature: 50-130 degrees C). Next, negatives are developed using about 0.05 to 3.0 wt% [, such 
as TMAH (tetramethylammonium hydroxide), ] alkali water bath liquid. Drawing 2 (b) shows the 
pattern of the 1st resist 1 formed in this way. After performing a development, 60 - 90~second room 
[ about ] postdeveloping BEKU may be performed with the baking temperature of 60-120 degrees C 
if needed. Since this heat treatment influences a next mixing reaction, it is desirable to combine with 
the 1st resist or the 2nd resist ingredient to be used, and to set it as suitable temperature. The 
above is the same as that of formation of the resist pattern by the general resist process as a 
process, if the point of using the 1st resist 1 which generates an acid is set aside. 
[0022] As mentioned above, the 2nd resist ingredient which constructs a bridge by existence of an 
acid in pattern 1a of drawing 2 (b) as shown in drawing 2 (c) after formation is dissolved in the 
solvent which does not dissolve the 1st resist 1, and it applies to 1st resist pattern 1a on the 
semi-conductor substrate 3. If spreading to homogeneity is possible for the method of application of 
the 2nd resist ingredient on 1st resist pattern 1a, it can also be applied by not being limited 
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especially and immersed into spreading by the spray, or the 2nd resist solution (dipping). Next as 
shown in drawing 2 (d) after spreading of the 2nd resist 2, this is prebaked if needed (for example, 85 
degrees C, about 60 seconds), and the 2nd resist layer 2 is formed. 

[0023] Next, as shown in drawing 2 (e), the semi-conductor substrate 3 is heat-treated (mixing 
BEKU: write it as MB 60-130 degrees C and the following), the acid from the 1st resist pattern 1a is 
diffused, it supplies into the 2nd resist 2, and crosslinking reaction is generated in the interface of 
the 2nd resist 2 and 1st resist pattern 1a. The bridge formation layer 4 which carried out 
crosslinking reaction so that 1st resist pattern 1a might be covered with this MB is formed into the 
2nd resist 2. What is necessary is for MB temperature / time amount in this case to be 60-130 
degree-C/60-120sec(s), and just to set it as the optimal conditions with the class of resist 
ingredient to be used, and the thickness of the reaction layer to need. Moreover, by carrying out [ 
above-mentioned ] heating and adjusting the time amount (MB time amount) which constructs a 
bridge, it is also possible to control the thickness of a bridge formation layer, and it is the technique 
in which a reaction controllability is dramatically high. 

[0024] Next, development exfoliation of the 2nd resist 2 which is not constructing a bridge is carried 
out without dissolving the 1st resist pattern using a developer, as shown in drawing 2 (f). It becomes 
possible to obtain the resist pattern to which the area of a cutback or an isolated remnants pattern 
was expanded for a hole bore or separation width of face by the above processing. 
[0025] In the above, by the manufacture approach explained with reference to drawing 2 , after 
forming the 2nd resist layer on the 1st resist pattern, the technique of generating the acid which 
diffuses an acid to the 2nd resist but of 1st resist pattern 1a by suitable heat-treatment was 
explained. It is possible by choosing a suitable reactant high ingredient as the 2nd resist, and 
performing suitable heat-treatment (for example, 85 degrees C - 150 degrees C) to obtain the resist 
pattern to which the interface of resists produced crosslinking reaction and the area of a cutback or 
an isolated remnants pattern was expanded without the exposure for acid generating for a hole bore 
or separation width of face by diffusion of the acid which exists all over the 1st resist Bataan. 
[0026] The various thin films of a substrate are etched by using as a mask the detailed separation 
resist pattern formed on 1st resist pattern 1a as mentioned above, a detailed tooth space or a 
detailed hole is formed in a substrate thin film, and a semiconductor device is manufactured. 
[0027] Next, instead of heat-treatment, an acid is generated by exposure in advance of 
heat-treatment, and how to diffuse is explained. Drawing 3 is process-flow drawing for explaining the 
formation approach of the detailed resist pattern in this case. First, since drawing 3 (a) and (b) are 
the same as that of drawing 2 (a) and (b), they omit explanation. 

[0028] After forming the 2nd resist layer as mentioned above, as shown in drawing 3 (c), a 
semi-conductor substrate is again exposed completely by g line or i line of Hg lamp, and an acid is 
generated in the 1st resist. What is necessary is the light source used for the exposure at this time 
to be possible also for using Hg lamp, a KrF excimer, an ArF excimer, etc., and not to be limited by 
exposure especially if generating of an acid is possible for it, and just to expose it using the light 
source and light exposure according to the sensitization wavelength of the 1st used resist according 
to the sensitization wavelength of the 1st resist. In addition, applying them, the case where 
reactivity is comparatively low, when the thickness of the bridge formation layer, for which it needs 
is comparatively thick, or when the 1st resist and 2nd resist to apply want to form a bridge 
formation layer selectively carries out ** better [ of the exposure process which generates an acid 
component in the 1st resist pattern ], and ** is not limited especially and should just use it suitably. 
[0029] Thus, it exposes after spreading of the 2nd resist and an acid is generated in the 1st resist, 
and by adjustment of light exposure, since the amount of the acid generated in the 1st resist 1 in 
order to expose the 1st resist 1 in the condition of having been covered with the 2nd resist 2 is 
controllable in the large range to accuracy, the thickness of the reaction layer 4 can control it with a 
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[0030] As mentioned above, the various thin films of a substrate can be etched by the ability using 
the formed detailed separation resist pattern as a mask, a detailed tooth space or a detailed hole 
can be formed in a substrate thin film, and a semiconductor device can be manufactured. 
[0031] Although the above example explained how to form a detailed resist pattern all over the 
semi-conductor substrate 3, how to form a detailed resist pattern selectively only in the request 
field of the semi-conductor substrate 3 next is explained. Drawing 4 is process-flow drawing of the 
manufacture approach in this case. 

[0032] That is, it is also possible to expose selectively only into a required predetermined part 
besides exposing the semi-conductor substrate 3 which formed the 2nd resist on the 1st resist 
pattern as shown in drawing 4 , and it is possible to distinguish the field over which the 2nd resist 
constructs a bridge by the interface with the 1st resist pattern, and the field which does not 
construct a bridge in this case. Thus, by using a suitable exposure mask, it can expose selectively 
on a semi-conductor substrate, a part for an exposure part and an unexposed part can be 
distinguished, and the 2nd resist pattern can form the field which constructs a bridge in a boundary 
part with the 1st resist pattern, and the field which does not construct a bridge. Thereby, the 
different detailed hole or different detailed tooth space of a dimension on the same semi-conductor 
substrate can be formed. 

[0033] The process of drawing 4 (a) and (b) is the same as the process of drawing 3 (a) and (b). As 
shown in drawing 4 (b), after forming the layer of the 2nd resist 2, as shown in drawing 4 (c), it 
shades with a gobo 5, some semi-conductor substrates 3 are again exposed to the selected field, 
and an acid is generated in 1st resist pattern 1a. This forms the bridge formation layer 4 in the 
interface of the 2nd resist 2 which touches 1st resist pattern 1a in the exposed part, as shown in 
drawing 4 (d). 

[0034] Next, the resist ingredient of the above 2nd is explained. What contains meltable resin to the 
independent class of resin (resin of cross-linking) meltable to the organic solvent which has an 
unsaturated bond or a hydroxyl group and constructs a bridge with an acid as 2nd resist ingredient, 
or two kinds or more of mixture, and the organic solvent over which a bridge is constructed by the 
organic solvent by this cross linking agent under existence of a meltable cross linking agent and an 
acid is used as a solution which dissolved in the solvent. Although the above-mentioned 
cross-linking resin can also be used for the resin over which a bridge is constructed by the 
above-mentioned cross linking agent, it is easy to be resin over which it is not limited to it but a 
bridge is constructed by the cross linking agent under existence of an acid. Moreover, the 
above-mentioned solution is formed as the formation approach of the 2nd resist by immersion or 
spray spreading in revolution spreading or the above-mentioned solution. When using the mixture of 
resin as the 2nd resist, those ingredient presentations are not limited by the 1st resist ingredient or 
set-up reaction condition etc. to apply that what is necessary is just to especially set up the optimal 
presentation. 

[0035] That is, it will not be limited especially if it is the ingredient which is meltable to the solvent 
which does not dissolve 1st resist pattern 1a as for the ingredient applied to the 2nd resist, and 
produces crosslinking reaction under existence of an acid component. Moreover, the 2nd resist 
which causes crosslinking reaction by existence of an acid includes the case where resist material 
itself is a cross-linking compound, and the 2nd resist which causes crosslinking reaction by 
existence of an acid includes further the case where the compound as resist material and the 
cross-linking compound as a cross linking agent are mixed. 

[0036] As meltable resin, to the above-mentioned organic solvent, polyacrylic acid, a polyvinyl 
acetal, A polyvinyl pyrrolidone, unsaturated polyester, polyvinyl alcohol, Polyethyleneimine, a 
polymethyl methacrylate, a styrene-maleic-anhydride copolymer. Acrylic resin, polyimide, a polyvinyl 
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amine, the poly allylamine, Oxazoline radical content resin, urethane resin, phenol resin, cellulose 
resin, Sulfonamide resin, maleic resin, vinyl resin, an epoxy resin, Silicone system resin, partial 
saturation organopolysiloxane, partial saturation ORGANO PORISHIRU sesquioxane, melamine resin, 
a urea-resin, an alkyd resin, and a sulfonamide are mentioned, and one of them or two kinds or more 
of mixture or its salt is used. These resin is good anything, if it can apply to homogeneity on a 
substrate by the polymer or oligomer which has the reactive site which is not limited above and 
promotes crosslinking reaction, i.e., an unsaturated bond, and a hydroxyl group. As the 
above-mentioned resin, dry etching resistance can be raised by combining silicone system resin. 
[0037] You may use as one kind of the above-mentioned resin, or two kinds or more of mixture, and 
the resin used for the 2nd resist ingredient can be suitably adjusted by reacting weight with a 
substrate resist, a reaction condition, etc. It is the object which raises the solubility to a solvent, 
and you may use by making these resin into salts, such as a hydrochloride. It is also possible for the 
crosslinking reaction under the acidic component of the above-mentioned resin not to arise, or to 
mix and use a cross linking agent for these resin further especially, in being low. 
[0038] Moreover, a cross linking agent meltable to the above-mentioned organic solvent constructs 
a bridge in resin by heat treatment or optical exposure under existence of an acid. It is the thing 
which may make an organic solvent insolubilize the resin. For example, a guanidine system, The 
organic accelerator of a thiazole system, a thiuram system, and a JICHIOI carbamate system, A 
melamine derivative, a urea derivative, benzoguanamine, glycoluryl, It is characterized by using one 
kind or two kinds or more of mixture, the monomer of isocyanate, polyfunctional epoxy, 
polyfunctional acrylic resin, polyfunctional urethane, and polyfunctional silicone system resin, or its 
oligomer. A cross linking agent meltable to these organic solvents is not limited above, does not mix 
with the 1st resist, and if it does not make it dissolve and can carry out bridge formation hardening 
of the resist by supply of an acid, it is good anything. 

[0039] Moreover, it is characterized by using one sort or two sorts or more of mixed solvents which 
the solvent which exfoliates the solvent used for the 2nd resist ingredient and the 2nd resist of the 
above (development) dissolves the resin and the cross linking agent to constitute enough, and do 
not dissolve the 1st resist of the above. As a solvent, they are an alcoholic system, a ketone 
system, an ether system, an ester system, a halogenated hydrocarbon system, benzenoid, alkoxy 
benzenoid, an annular ketone system, etc. For example, toluene, a xylene, methoxybenzene, ethoxy 
benzene, Benzene, a pyridine, a cyclohexane, dioxane, a methyl ethyl ketone, Methyl isobutyl ketone, 
an acetone, acetic-acid t-butyl, acetic-acid n~butyl, Ethyl acetate, a tetrahydrofuran, diethylether, 
isopropyl ether, Methyl-cellosolve, ethylcellosolve, N-methyl pyrrolidone, N, and 
N'-dimethylformamide, Ethanol, a methanol, isopropanol, butyl alcohol, Ethylene glycol, ethylbenzene, 
diethylbenzene, n-butyl ether, N-hexane, n-heptane, methoxybenzene, ethoxy benzene, A phenetole, 
a veratrole, gamma-butyrolactone, chloroform, etc. are mentioned. What is necessary is just to mix 
the 2nd good solvent and poor solvent of a resist ingredient according to the solubility of the 
ingredient used for the 2nd resist in that those solvents are independent or the range which does 
not dissolve the 1st resist pattern. 

[0040] In this invention, it is important to control the crosslinking reaction of the 1st resist and the 
2nd resist, and to control the thickness of the bridge formation layer formed on the 1 st resist 
pattern. As for control of crosslinking reaction, it is desirable to optimize according to the reactivity 
of the 1st resist and the 2nd resist which apply this invention, the configuration of the 1st resist 
pattern, the thickness of the crosslinking reaction layer to need, etc. 

[0041] Control of the crosslinking reaction of the 1st resist and the 2nd resist has the technique by 
adjustment of process conditions, and the technique of adjusting the presentation of the 2nd resist 
ingredient. The technique of mixing the suitable cross linking agent for (3) (4) which mixes two or 
more kinds of suitable resin, and adjusts the mixing ratio resin, and adjusting the mixing ratio as the 
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process control technique of crosslinking reaction, from the field of the ingredient presentation used 
for the 2nd resist which adjusts (2) mixing BEKU ( MB ) temperature which adjusts the light 
exposure to the (1) 1st resist pattern, and the processing time, is effective. 

[0042] reactivity with the 1st resist ingredient which does not opt for control of such crosslinking 
reaction unitary, and carries out (1) application, the configuration of the (2) 1st resist pattern, 
thickness, the thickness of the cross linking agent layer to (3) need, and (4) — it is necessary to 
take into consideration and determine conditions with various usable exposure conditions or MB 
conditions, (5) spreading conditions, etc. [ however, ] When, especially as for the reactivity of the 1st 
resist and the 2nd resist, the presentation of the 1st resist ingredient shows being influenced, 
therefore it applies this invention actually, it is desirable to take into consideration the factor 
mentioned above and to optimize the 2nd resist ingredient constituent. Therefore, especially the 
class and its presentation ratio of the ingredient used for the 2nd resist are not limited, and are 
optimized and used according to the class of ingredient to be used, heat treatment conditions, etc. 
[0043] Moreover, although this invention forms a detailed separation resist pattern on the 
semi-conductor substrate 3 as mentioned above, according to the manufacture process of a 
semiconductor device, this may be formed on insulating layers, such as a silicone oxide film, and may 
be formed on conductive layers, such as polysilicon contest film. Especially this invention is not 
restrained by the substrate film, if it is on the base material which can form a resist pattern, in 
which case, will be applicable and will be formed on a base material as occasion demands. 
[0044] Moreover, in this invention, before forming the 2nd resist film on the 1st resist pattern, the 
configuration of breadth, the detailed pattern obtained, or a detailed tooth space can also improve 
the margin of the development conditions of the 2nd resist by heat-treating the 1st resist pattern 
and controlling the solvent resistance over the 2nd solvent and developer of a resist. The heat 
treatment temperature of the 1st resist pattern is good to be the range of 60 degrees C - 150 
degrees C, for example, to process by the time amount for 30 seconds - 300 seconds on a hot plate 
especially, that what is necessary is just below the pyrolysis temperature of the resist to be used. 
[0045] moreover, the thing included in an organic solvent by the concentration not more than 20wt% 
for the purpose of giving flexibility and elasticity to the 2nd resist ingredient in this invention by 
using one kind or two kinds or more of mixture of a meltable plasticizer as an additive — things are 
desirable. For example, phthalic ester systems, such as dibutyl phthalate, dioctyl phthalate, or butyl 
benzyl phthalate, Phosphoric ester systems, such as tributyl phosphate ester, a TORIFOSU 
photograph, or tricresyl phosphate, Fatty-acid-ester systems, such as butyl triricinolate, dibutyl 
succinate, or RISHIRU acid methyl acetyl, Butyl phthalyl butyl glycolate, triethylene glycol, diethyl 
butyrate, A polyethylene glycol, ethylene glycol, a glycerol, propylene glycol, 3-methylene pentane - 
Glycol derivatives, such as 1,3, and 5-triol or a triethylene glycol JIBUCHI rate, Although sebacate 
systems, such as dibutyl sebacate or dioctyl sebacate, epoxidized soybean oil, castor oil or 
chlorinated paraffin, etc. is mentioned, it is required for the 2nd resist ingredient besides the above 
for there to be compatibility. 

[0046] Moreover, in this invention, it is desirable to contain in an organic solvent by the 
concentration not more than 20wt% by using one kind or two kinds or more of mixture of a meltable 
(oil solubility) surfactant as an additive as an object used as the 2nd resist ingredient on a 
membrane formation disposition. An oil solubility surface active agent needs to dissolve in the 
organic solvent used for the 2nd resist. If homogeneity can be made to form the 2nd resist on a 
substrate by little addition An anionic surface active agent, a cationic surface active agent, a 
nonionic surfactant, Any of an amphoteric surface active agent or a fluorochemical surfactant are 
sufficient. For example, a lecithin derivative, propylene glycol fatty acid ester, A glycerine fatty acid 
ester, polyoxyethylene glycerine fatty acid ester, Polyglyceryl fatty acid ester, a sorbitan fatty acid 
ester, polyoxyethylene sorbitan fatty acid ester, Polyoxyethylene sorbitol fatty acid ester, 



4/27/2006 3:13 PM 



IP,1 1-283910,A [DETAILED DESCRIPTION] http://www4.ipdI.ncipi.go.jp/cgi-bin/tran_web_cgi_ejj( 

polyoxyethylene alkyl ether, Polyoxyethylene alkylphenol, a polyoxyethylene alkylphenyl 
formaldehyde condensate, Polyoxyethylene castor oil or hydrogenated castor oil, a polyoxyethylene 
sterol, or a hydrogenation sterol, Polyethylene glycol fatty acid ester, polyoxyethylene alkyl ether, 
Polyoxyethylene polyoxypropylene alkyl ether, polyoxyethylene alkyl phenyl ether, Polyoxyethylene 
lanolin or lanolin alcohol or an yellow-bees-wax derivative, Polyoxyethylene alkylamine or a 
fatty-acid amide, a polyoxyethylene-alkyl-ether phosphoric acid, or phosphate, Alkyl ether 
carboxylate, alkyl phosphate and polyoxyethylene-alkyl-ether phosphate, Alkylbenzene sulfonates, a 
sulfonate, quarternary ammonium salt, Alkyl pyridinium salt, an acetic-acid betaine mold amphoteric 
surface active agent, an imidazoline mold amphoteric surface active agent, The block polymerization 
type non-ion system surfactant of ethyleneoxide and propylene oxide, A perfluoroalkyl sulfonate, 
perfluoroalkyl carboxylate, perfluoroalkyl polyoxyethylene ethanol, the 4th ammonium iodide of 
perfluoroalkyl, or fluorination alkyl ester is mentioned. 

[0047] Moreover, in this invention, dry etching resistance can be raised by combining silicone 
system resin with the organic solvent used for the 2nd resist of the above as a meltable resin 
constituent. 

[0048] Moreover, in this invention, reacting weight with the 1st resist is controllable by adjusting the 
reactivity of the bridge formation part of meltable resin, and the amount of installation to the organic 
solvent used for the 2nd resist. 

[0049] Moreover, in this invention, by the developer of the above-mentioned organic solvent system 
mixing the 2nd good solvent and poor solvent of a resist ingredient, and adjusting the mixing ratio, 
fine adjustment of a development rate is attained and controls the degree of cutback-izing of the 
taper angle after development, resist pattern separation size, or hole opening size. 
[0050] For example, the addition of water is adjusted, using water as a poor solvent, using organic 
system polar solvents as a good solvent. 

[0051] Moreover, the semiconductor fabrication machines and equipment of this invention are 
manufactured by the manufacture approach of the semiconductor device each above. 
[0052] Gestalt 2. drawing 5 of operation is process-flow drawing for explaining the detailed 
separation resist Bataan formation approach of the gestalt 2 operation of this invention. With 
reference to drawing 1 and drawing 5 , the formation approach of detailed separation resist Bataan 
of the gestalt 2 this operation and the manufacture approach of the semiconductor device using this 
are explained. 

[0053] As shown in drawing 5 (a), the 1st resist 1 1 which contains some acid inside is applied to the 
semi-conductor substrate 3. The 1 st resist carries out projection exposure using the mask which 
constructs a pattern like drawing 1 using g line or i line of Hg lamp, after prebaking (it is heat 
treatment for about 1 minute at 60-150 degrees C) (it is omitting in drawing 5 ). Then, after 
heat-treating by PEB (10-150 degrees C) and raising the resolution of a resist if needed, negatives 
are developed using about 2.0% dilution water bath liquid of TMAH (tetramethylammonium hydroxide). 

[0054] Then, postdeveloping BEKU may be performed if needed. Since this heat treatment 
influences a next mixing reaction, it is necessary to set it as suitable temperature. Drawing 5 (b) 
shows the pattern 1 1 of the 1 st resist formed in this way. The above is the same as that of 
formation of the resist pattern by the conventional resist process as a process, if the point of using 
the resist 1 1 containing an acid is set aside. 

[0055] Next, as shown in drawing 5 (c) after the pattern formation of drawing 5 (b), the 2nd resist 12 
melted by the solvent which does not dissolve the 1st resist 1 1 is applied including the cross-linking 
ghost which constructs a bridge by existence of an acid on the semi-conductor substrate (wafer) 3. 
The same ingredient as the configuration stated with the gestalt 1 of operation is used for the 
solvent used here. Next, this is prebaked after spreading of the 2nd resist 12 if needed. Since this 
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heat treatment influences a next mixing reaction, it is desirable to set it as suitable temperature. 
[0056] Next, the semi-conductor substrate 3 is heat-treated (60-150 degrees C), and crosslinking 
reaction is made to cause near the interface with the 1st resist of the 2nd resist 12 by supply of the 
acid from some acid contained in the 1st resist 1 1, as shown in drawing 5 (d). The bridge formation 
layer 14 which caused crosslinking reaction by this so that the 1st resist 1 1 might be covered is 
formed into the 2nd resist 12. 

[0057] Next, development exfoliation of the 2nd resist 12 which is not constructing a bridge is 
carried out without dissolving the 1st resist pattern using a developer, as shown in drawing 5 (e). It 
becomes possible to obtain the resist pattern which reduced a hole bore or separation width of face 
by the above processing. 

[0058] As mentioned above, the 1st resist 11 in the gestalt 2 of this operation does not have the 
need of generating an acid by exposure, and it diffuses that acid by heat treatment, and he is trying 
to make it it to be adjusted so that an acid may be included in resist film 1 1 the very thing, and 
construct a bridge. As an acid included in this 1st resist, although the low-molecular acid of a 
carboxylic-acid system etc. is suitable, if mixing in a resist solution is possible, especially definition 
will not be carried out. 

[0059] In addition, the ingredient of the reverse poor 1st resist and the ingredient of the 2nd resist 
can be used also in the gestalt 2 of this operation, respectively by **** 1 of operation. Moreover, it 
is the same as that of the gestalt 1 of the operation described previously to form this detailed 
separation resist pattern 2a on various kinds of semi-conductor substrates, and to form [ hole / a 
detailed separation tooth space or / detailed ] it on a semi-conductor substrate, using this as a 
mask. 

[0060] Gestalt 3. drawing 6 of operation is process-flow drawing for explaining the formation 
approach of the detailed separation resist pattern of the gestalt 3 operation of this invention. With 
reference to drawing 1 and drawing 6 , the formation approach of the detailed division resist pattern 
of the gestalt 3 this operation and the manufacture approach of the semiconductor device using this 
are explained. 

[0061] First, as shown in drawing 6 (a), the 1st resist 21 is applied to the semi-conductor substrate 
3. After prebaking to the 1st resist (it is heat treatment for about 1 minute at 60-150 degrees C), 
projection exposure is carried out using the mask containing a pattern like drawing 1 using g line or i 
line of Hg lamp, corresponding to the sensitization wavelength of the 1st resist (it omits in drawing 6 
). After it heat-treats by PEB (10-150 degrees C) and a photoresist carries out improvement in 
resolution if needed, negatives are developed using about 2.0% dilution water solution of TMAH 
(tetramethylammonium hydroxide). Drawing 6 (b) shows pattern 21a of the 1st resist formed in this 
way. 

[0062] Then, postdeveloping BEKU may be performed if needed. Since this heat treatment 
influences a next mixing reaction, it is necessary to set it as suitable temperature. The above is the 
same as that of formation of the resist pattern by the conventional resist process as a process. 
[0063] As shown in drawing 6 (c) after the pattern formation of drawing 6 (b), immersion processing 
of the semi-conductor substrate (wafer) 3 is carried out with an acidic solution. The art is good in 
the method of the usual paddle development. Moreover, you may carry out by the vapor rise 
(blasting) of an acidic solution. Moreover, any of an organic acid and an inorganic acid are sufficient 
as the acidic solution in this case. Specifically, a low-concentration acetic acid is mentioned as a 
suitable example. In this process, an acid sinks in near the interface of 1st resist pattern 21a, and 
the film containing an acid is formed. Then, a rinse is carried out using pure water if needed. 
[0064] Then, as shown in drawing 6 (e), the 2nd resist 22 melted by the solvent which does not 
dissolve the 1st resist 21 is applied including the cross-linking compound which constructs a bridge 
by existence of an acid on 1st resist pattern 21a. The 2nd resist material used here and its solvent 
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can use the same ingredient as the configuration stated with the gestalt 1 of operation. Next, the 
2nd resist 22 is prebaked after spreading of the 2nd resist if needed. Since this heat treatment 
influences a next mixing reaction, it is set as suitable temperature. 

[0065] Next, the semi-conductor substrate 3 is heat-treated (60-150 degrees C), mixing BEKU is 
performed, and crosslinking reaction is made to cause near the interface with the 1st resist of the 
2nd resist 22 by supply of the acid from the 1st resist 21a, as shown in drawing 6 (f). The bridge 
formation layer 4 which caused crosslinking reaction by this so that the 1st resist 21 might be 
covered is formed into the 2nd resist 22. 

[0066] Next, development exfoliation of the 2nd resist 22 which is not constructing a bridge is 
carried out without dissolving the 1st resist pattern using a developer, as shown in drawing 6 (g). It 
becomes possible to obtain the resist pattern which reduced a hole bore or separation width of face 
by the above processing. 

[0067] As mentioned above, before not needing the process which generates an acid for the 1st 
resist but forming the 2nd resist on the 1st resist by exposure processing, surface treatment with 
an acid liquid is performed, an acid is diffused by heat treatment, and it is made to construct a 
bridge according to the gestalt 3 of this operation. 

[0068] In the gestalt 3 of this operation as the 1st resist 21 Novolak resin, a positive resist which 
consists of naphthoquinonediazide system sensitization agents used with the gestalt 1 of operation 
are mentioned. Further as the 1st resist If it is a resist ingredient using the system of reaction which 
is possible also for application of the chemistry magnification mold resist using the device in which 
an acid is generated by exposure, and generates an acid by exposure Especially the resist ingredient 
of others which it is not limited and were stated with the gestalt 1 of operation and the ingredient of 
the 2nd resist are applicable also in the gestalt 3 of this operation, respectively. 
[0069] Moreover, it is the same as that of the gestalten 1 and 2 of the operation described 
previously to form detailed separation resist pattern 22a which carried out in this way and was 
formed on various kinds of semi-conductor substrates, to form a detailed separation tooth space or 
a detailed detailed hole etc. on a semi-conductor substrate by making this into a mask, and to 
manufacture a semiconductor device. 
[0070] 

[Example] As the example 1. 1st resist, it consisted of novolak resin and naphthoquinonediazide and 
the resist pattern was formed using i line resist using 2~heptanone as a solvent. First, the 
above-mentioned resist was dropped on Si wafer, after carrying out revolution spreading, it 
prebaked in 80 degrees C / 70 seconds, the solvent in a resist was evaporated, and the 1st resist 
was formed by about 0.8 micrometers of thickness. Next, the 1st resist was exposed as an exposure 
mask using the mask as shown in drawing 1 , using i line cutback projection aligner as an aligner. 
Next, PEB processing was performed in 115 degrees C / 90 seconds, then negatives were 
developed using the alkali developer (NMD3: TOKYO OHKA KOGYO CO., LTD. make), and the resist 
pattern with separation size as shown in drawing 7 was obtained. 

[0071] As the example 2. 1st resist, it consisted of novolak resin and naphthoquinonediazide and the 
resist pattern was formed using » line resist using ethyl lactate and propylene glycol monoethyl 
acetate as a solvent. First, the above-mentioned resist was formed so that it might become about 
1.0 micrometers of thickness by dropping and revolution spreading on Si wafer. Next, it prebaked in 
90 degrees C / 70 seconds, and the solvent in a resist was dried. Then, it exposed using the mask 
as shown in drawing 1 using the stepper by NIKON CORP. Next, PEB processing was performed in 
1 15 degrees C / 90 seconds, then negatives were developed using the alkali developer (NMD3: 
Tokyo adaptation shrine make), and each resist pattern with separation size as shown in drawing 8 
was obtained. 

[0072] The resist pattern was formed using a chemistry magnification mold excimer resist (Tokyo 
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adaptation shrine make) as the example 3. 1st resist. First, the above-mentioned resist was formed 
so that it might become about 0.85 micrometers of thickness by dropping and revolution spreading 
on Si wafer. Next, it prebaked in 90 degrees C / 70 seconds, and the solvent in a resist was dried. 
Then, it exposed using the mask as shown in drawing 1 using the KrF excimer cutback projection 
aligner. Next, PEB processing was performed in 110 degrees C / 70 seconds, then negatives were 
developed using the alkali developer (NMD-W: Tokyo adaptation shrine make), and each resist 
pattern with separation size as shown in drawing 9 R> 9 was obtained. 

[0073] Chemistry magnification mold resist which consists of t-Boc-ized polyhydroxy styrene and 
an acid generator as the example 4. 1st resist It used and the resist pattern was formed. First, the 
above-mentioned resist was formed so that it might become about 0.60 micrometers of thickness by 
dropping and revolution spreading on Si wafer. Next, BEKU was performed in 1 15 degrees C / 120 
seconds, and the solvent in a resist was dried. Then, after carrying out revolution spreading of the 
(S pay sir ESP~100:Showa Denko K.K. make) similarly as antistatic film on this resist, BEKU was 
performed in 90 degrees C / 90 seconds. Next, it draws by 1 6.4microC/cm2 using EB drawing 
equipment. Next, after performing PEB in 80 degrees C / 120 seconds, the resist pattern was 
developed using the TMAH alkali developer (NMD-W: Tokyo adaptation shrine make) which uses 
pure water, and exfoliates and continues the antistatic film. Consequently, each about 
0.24-micrometer EB resist pattern as shown in drawing 10 was obtained. 
[0074] Next, the example about the 2nd resist ingredient is explained. 

[0075] example 5. — ethylene glycol 380g and ethanol 95g were added to 25g of polyvinyl-acetal 
resin, churning mixing was carried out at the room temperature for 6 hours, using 1L measuring flask 
as 2nd resist ingredient, and the 5wt% solution of polyvinyl-acetal resin was obtained. 
[0076] example 6. — xylene 475g was added to polyvinyl methyl silsesquioxane 25g, the mixed 
dissolution was carried out with the wave rotary bottom of room temperature all night, using 1L **** 
as 2nd resist ingredient, and the 5wt% solution of polyvinyl methyl silsesquioxane was obtained. 
[0077] example 7. — using 1L measuring flask as 2nd resist ingredient, churning mixing of methoxy 
methylene melamine 100g and the methanol 900g was carried out at the room temperature for 6 
hours, and the about 10 wt(s)% methoxy methylene melamine solution was obtained. 
[0078] example 8. — as the 2nd resist ingredient — 1L measuring flask — using — the inside of 
100g of methoxy (N-methoxymethyl) ethylene ureas, 100g of hydroxy (N-methoxymethyl) ethylene 
ureas, and 100g of N-methoxymethyl ureas — respectively — ethanol 750g and isopropanol 50g 
Churning mixing was carried out at the room temperature for 8 hours, and the about 10 wt(s)% 
ethylene urea solution was obtained, respectively. 

[0079] example 9. — churning mixing of the 160g [ of polyvinyl-acetal solutions obtained in the 
example 5 ], 20g [ of methoxy methylol melamine solutions obtained in the example 7 ], and 
isopropanol 20g was carried out at the room temperature as 2nd resist ingredient for 6 hours, and 
resin and the mixed solution of a cross linking agent were obtained. 

[0080] As 2nd resist ingredient, in example 10. 180g of polyvinyl-acetal solutions obtained in the 
example 5, 20g of methoxy (N-methoxymethyl) ethylene urea solutions obtained in the example 8, 
20g of hydroxy (N-methoxymethyl) ethylene ureas, and 20g of N-methoxymethyl ureas, churning 
mixing of the methoxybenzene 20g was carried out at the room temperature for 8 hours, 
respectively, and resin and the mixed solution of a cross linking agent were obtained. 
[0081] example 11. — each was mixed for 10g, 20g, 30g, and methoxybenzene 20g of 160g of 
polyvinyl methyl silsesquioxane solutions obtained in the example 6, and the methoxy ethylene urea 
solution obtained in the example 8 under the room temperature as 2nd resist ingredient for 6 hours. 
Consequently, the concentration of the methoxy ethylene urea which is a cross linking agent to 
polyvinyl methyl silsesquioxane resin obtained three kinds of 2nd 27wt% resist solution 20wt% about 
1 1 wt(s)%. 
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[0082] As the example 12. 2nd resist, to 100g of the polyvinyl methyl silsesquioxane resin solution 
obtained in the example 6, churning mixing of the 5wt% methoxybenzene solution of polyvinyl 
siloxane resin was carried out under the room temperature by mixing Og, 35.3g, and 72. 2g for 6 
hours, and three kinds of mixed solutions with which the mixing ratios of polyvinyl methyl 
silsesquioxane resin and polyvinyl siloxane resin differ were obtained. 

[0083] On Si wafer with which the 1st resist pattern obtained in the example 13. example 2 was 
formed, the 2nd resist ingredient obtained in the example 12 was prebaked in 90 degrees C / 70 
seconds, after carrying out a spin coat, dropping and, and the 2nd resist film was formed. Next, 
mixing BEKU (MB) was performed in 115 degrees C / 90 seconds, and crosslinking reaction was 
advanced. Next, by performing a rinse by the xylene, carrying out development exfoliation of the 
layer non-constructing a bridge, and performing postbake in next 100 degrees C / 90 seconds, after 
developing negatives using the mixed solvent of methoxybenzene and a xylene, as shown in drawing 
1 1 , the 2nd resist bridge formation layer was formed on the 1st resist pattern. In this case, it is 
possible by changing the mixing ratio of resin to control the thickness of the bridge formation layer 
formed on the 1st resist by changing resin, and changing the amount of mixing of polyvinyl methyl 
silsesquioxane resin and polyvinyl siloxane resin so that clearly from the table 1 showing change of 
the resist pattern size after arch forming by it. 
[0084] 
[A table 1] 
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[0085] By forming a bridge formation layer using the resin of this silicone system, dry etching 
resistance improved about 40 times by the etching rate compared with the bridge formation 
stratification front. 

[0086] On Si wafer with which the 1st resist pattern obtained in the example 14. example 1 was 
formed, considering the resin obtained in the example 5 as 2nd resist ingredient, dropping and after 
carrying out a spin coat, it prebaked in 90 degrees C / 70 seconds, and the 2nd resist film was 
formed. Next, complete exposure was performed to the wafer using i line aligner. Furthermore, mixing 
BEKU (MB) was performed in 135 degrees C / 70 seconds, and crosslinking reaction was advanced. 
Next, by developing negatives using ethylene glycol and an ethanol mixed solution, carrying out 
development exfoliation of the layer non-constructing a bridge, and performing postbake in next 120 
degrees C / 90 seconds, as shown in drawing 1 1 R> 1, the 2nd resist bridge formation layer was 
formed on the 1st resist hole pattern. When the 1st resist hole pattern size of 0.35 micrometers 
before forming a bridge formation layer performed complete exposure and about 0.38 micrometers 
and complete exposure were not performed by this so that clearly from a table 2, it was reducing by 
about 0.26 micrometers. 
[0087] 
[A table 2] 
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[0088] In this case, by performing complete exposure before MB BEKU, compared with the case 
where it does not carry out, crosslinking reaction advanced more and the bridge formation layer was 
thickly formed in the 1st resist front face. 

[0089] On Si wafer with which the 1st resist pattern obtained in the example 15. example 2 was 
formed, the mixed solution of the polyvinyl methyl silsesquioxane resin and polyvinyl siloxane resin 
which were obtained in the example 1 1, and an ethylene urea was used as the 2nd resist. The 2nd 
resist ingredient was prebaked in 80 degrees C / 70 seconds, after carrying out a spin coat, 
dropping and, and the 2nd resist film was formed. Next, for 100 degrees C / 90 seconds, for 110 
degrees C / 90 seconds, mixing BEKU (MB) was performed on three kinds of conditions for 120 
degrees C / 90 seconds, and crosslinking reaction was performed. Next, the mixing ratio of 
methoxybenzene/ethanol developed negatives using the mixed solvent of 2/1, 1/1, and 1/2, and 
carried out development exfoliation of the layer non-constructing a bridge, and by performing 
postbake in next 90 degrees C / 90 seconds, as shown in drawing 1 1 , the 2nd resist bridge 
formation layer was formed on the 1st resist pattern. Consequently, the size of the tooth space in 
the bore of a hole pattern and line pattern, and isolated remnants pattern of 0.4-micrometer size 
which were formed in the example 2 is reduced with the resist pattern after the bridge formation 
stratification, and the amount of cutbacks is increasing while MB temperature becomes high, so that 
clearly from a table 3. 
[0090] 
[A table 3] 
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[0091] Furthermore, it was observed that the dissolution of a bridge formation layer becomes slow, 
and pattern size is also cutback-ized, and the taper angle of the pattern approaches 90 degrees, so 
that the mixing ratio of the methoxybenzene of a developer was low. This shows that control of 
crosslinking reaction is possible with a sufficient precision, and that a pattern configuration is further 
improvable by controlling the temperature of MB, and the presentation of a developer. 
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[0092] After carrying out the cure of the Si wafer with which the 1st resist pattern obtained in the 
example 16. example 3 was formed at 110 degrees C, the polyvinyl-acetal solution obtained in the 
example 5 and three kinds of mixed solutions with which the concentration of the methoxy ethylene 
urea which is the polyvinyl-acetal resin solution and cross linking agent which were obtained in the 
example 10 differs were used as the 2nd resist on the wafer. The 2nd resist ingredient was prebaked 
in 85 degrees C / 70 seconds, after carrying out a spin coat, dropping and, and the 2nd resist film 
was formed. Next, mixing BEKU (MB) was performed in 65 degrees C / 70 +100 degrees C / per 
second, and 90 seconds, and crosslinking reaction was performed. Next, by developing negatives 
using the mixed solvent of methyl cellosolve and ethanol, carrying out development exfoliation of the 
layer non-constructing a bridge, and performing postbake in next 90 degrees C / 90 seconds, as 
shown in drawing 12 , the 2nd resist bridge formation layer was formed on the 1st resist pattern. 
Consequently, the bore of the hole pattern of about 0.28-micrometer size formed in the example 3 is 
reduced as shown in a table 4, and the amount of cutbacks becomes so large that the amount of 
mixing of a cross linking agent increases so that clearly from a table 4. 
[0093] 
[A table 4] 
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[0094] From this, by adjusting the mixing ratio of an ingredient shows that control of crosslinking 
reaction is possible with a sufficient precision. Furthermore, since the methyl cellosolve which is 
usually the good solvent of the 1st resist by putting in heat treatment after the 1st resist pattern 
formation can be used by the 2nd resist, it turns out that there is effectiveness that this heat 
treatment lowers the solubility to the organic solvent of the 1 st resist. 

[0095] On Si wafer with which the 1st resist pattern obtained in the example 17. example 3 was 
formed, the polyvinyl-acetal solution obtained in the example 6, the polyvinyl-acetal resin solution 
obtained in the example 10, and the mixed solution of the N-methoxymethyl-methoxy ethylene urea 
mixed solution which is a cross linking agent, a hydroxy (N-methoxymethyl) ethylene urea, and 
N-methoxymethyl urea were used as the 2nd resist. The 2nd resist ingredient was prebaked in 85 
degrees C / 70 seconds, after carrying out a spin coat, dropping and, and the 2nd resist film was 
formed. Next, mixing BEKU (MB) was performed in 70 degrees C / 70 +1 10 degrees C / per second, 
and 90 seconds, and crosslinking reaction was performed. Next, by developing negatives using pure 
water, carrying out development exfoliation of the layer non-constructing a bridge, and performing 
postbake in next 85 degrees C / 90 seconds, as shown in drawing 12 R> 2, the 2nd resist bridge 
formation layer was formed on the 1 st resist pattern. Consequently, the bore of the hole pattern of 
about 0.28-micrometer size formed in the example 3 is reduced, and, as for the amount of cutbacks, 
a difference is accepted by the difference in the bridge formation radical of a cross linking agent so 
that clearly from a table 5. 
[0096] 
[A table 5] 
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0.243 
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[0097] From this, the difference in the class of ingredient to mix shows that control of crosslinking 
reaction is possible. 

[0098] On Si wafer with which the 1st resist pattern obtained in the example 18. example 3 was 
formed, the polyvinyl-acetal solution obtained in the example 5, and the polyvinyl-acetal resin 
solution obtained in the example 10 and the methoxy ethylene urea mixed solution which is a cross 
linking agent were used as the 2nd resist. The 2nd resist ingredient was prebaked in 80 degrees C / 
70 seconds, after carrying out a spin coat, dropping and, and the 2nd resist film was formed. Next, 
mixing BEKU for 90 seconds (MB) was performed at predetermined temperature, and crosslinking 
reaction was performed. Next, by developing negatives using the mixed solvent of ethylene glycol 
and isopropanol, carrying out development exfoliation of the layer non-constructing a bridge, and 
performing postbake in next 90 degrees C / 90 seconds, as shown in drawing 12 , the 2nd resist 
bridge formation layer was formed on the 1st resist pattern. Consequently, the resist pattern size of 
about 0.28 micrometers formed in the example 3 is reduced, and a difference is accepted with the 
amount of cross linking agents, and reaction temperature so that clearly from a table 6. 
[0099] 
A table 6] 



± m m 


\s i? * — > 

(fljansau u m ) 


*5 SB & <D & .-=. >r *M X 
turn) 


1 0 5<C 


1 1 5<C 


r !t*=*7t*-»+ (5wt%) 


0 . 2 8 


0.26 


0 . 2 1 


rn'-trw-t+WsEL* uowt%) 


0 . 2 8 


0 . 2 2 


0 . 18 


<10wt%) 


0 . 2 8 


0.27 


0 . 2 7 



[0100] From this, this invention is understood that control of the resist putter size by crosslinking 
reaction is possible, also when the chemistry magnification mold resist which generates an acid by 
optical exposure is used. 

[0101] On Si wafer with which the 1st resist pattern obtained in the example 19. example 4 was 
formed, the polyvinyl-acetal water solution obtained in the example 5, and the polyvinyl-acetal resin 
solution obtained in the example 10 and the methoxy ethylene urea mixed solution which is a cross 
linking agent were used as the 2nd resist. The 2nd resist ingredient was prebaked in 80 degrees C / 
70 seconds, after carrying out a spin coat, dropping and, and the 2nd resist film was formed. Next, 
mixing BEKU (MB) was performed in 105 or 1 15 degrees C / 90 seconds, and crosslinking reaction 
was performed. Next, by developing negatives using the mixed solvent of ethylene glycol, 
isopropanol, and pure water, carrying out development exfoliation of the layer non-constructing a 
bridge, and performing postbake in next 90 degrees C / 90 seconds, as shown in drawing 12 , the 
2nd resist bridge formation layer was formed on the 1st resist pattern. Consequently, the size of the 
resist pattern of about 0.24-micrometer size formed in the example 4 is reduced, and, as for the 
amount of cutbacks, a difference is accepted by the difference in a cross linking agent so that 
clearly from a table 7. 
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[0102] 
[A table 7] 
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[0103] Also when EB resist of the chemistry magnification mold which consists of t-Boc-ized 
polyhydroxy styrene and an acid generator is used, control of the resist pattern size by crosslinking 
reaction is possible for this to this invention. 

[0104] On the 1st resist pattern obtained in the example 20. example 2, the electron ray (dose: 
80microC/cm2) was irradiated selectively. Next, the polyvinyl-acetal resin solution obtained in the 
example 10 and the methoxy ethylene urea mixing water solution which is a cross linking agent were 
applied on the resist pattern which irradiated the electron ray as the 2nd resist. Spreading prebaked 
the 2nd resist ingredient in dropping, the deed which carried out the spin coat, then 70 seconds in 
85 degrees C / seconds, formed the 2nd resist film, further, performed mixing BEKU (MB) in 1 15 
degrees C / 90 seconds, and performed crosslinking reaction. By developing negatives by using the 
mixed solution of ethylene glycol and isopropanol finally, carrying out development exfoliation of the 
layer non-constructing a bridge, and performing postbake in next 105 degrees C / 70 seconds, as 
shown in drawing 12 , the 2nd resist bridge formation layer was selectively formed on the 1st resist 
pattern. Consequently, about 0.4-micrometer resist pattern formed in the example 2 was reduced in 
the part which did not irradiate an electron ray, about the part which irradiated the electron ray 
selectively, crosslinking reaction did not occur and the cutback of hole size was not seen so that 
clearly from a table 8. 
[0105] 



[A table 8] 










0 . 4 0 2 




mmm2 o 




0 . 4 O 2 


mi&m2 o 




O . 2 5 7 



[0106] From this, by the pattern of the part irradiated by irradiating an electron ray selectively after 
forming a resist pattern, since a reaction does not arise, this invention is understood that size 
control of an alternative resist pattern is possible. 

[0107] On Si wafer with which the 1st resist pattern obtained in the example 21. example 2 was 
formed, revolution spreading of the weak hydrochloric-acid water solution was carried out, and it 
dried in 100 degrees C / 70 seconds. Then, considering the polyvinyl methyl silsesquioxane which 
contains the methoxy ethylene urea obtained in the example 11 11% as 2nd resist ingredient, 
dropping and after carrying out a spin coat, it prebaked in 90 degrees C / 70 seconds, and the 2nd 
resist film was formed. Next, mixing BEKU (MB) was performed in 120 degrees C / 90 seconds, and 
crosslinking reaction was advanced. Next, by performing a rinse by the xylene, carrying out 
development exfoliation of the layer non-constructing a bridge, and performing postbake in next 110 
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degrees C / 90 seconds, after developing negatives using the mixed solvent of methoxybenzene and 
a xylene, as shown in drawing 1 1 , the 2nd resist bridge formation layer was formed on the 1st resist 



pattern. 
[0108] 
A table 9] 
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[0109] By processing the 1st resist pattern with an acidic solution shows that the cutback of 
pattern size is possible so that clearly from a table 9. 

[01 10] On Si wafer with which the 1st resist pattern obtained in the example 22. example 3 was 
formed, the resin which added 1 wt% for the block-copolymer type non-ion system surface active 
agent of ethyleneoxide and propylene oxide to the polyvinyl-acetal resin solution obtained in the 
example 10 and the mixed solution of the hydroxy ethylene urea which is a cross linking agent 
(N-methoxymethyl) as a plasticizer by using phthalic ester as 5wt(s)% or a surface active agent was 
used as the 2nd resist. The 2nd resist ingredient was prebaked in 85 degrees C / 70 seconds, after 
carrying out a spin coat, dropping and, and the 2nd resist film was formed. Spreading unevenness 
was lost by adding a surfactant and spreading homogeneity improved notably. Next, mixing BEKU 
(MB) was performed in 100 degrees C / 90 seconds, and crosslinking reaction was performed. Next, 
by developing negatives using ethylene glycol, pure water, and the mixed solvent of isopropanol, 
carrying out development exfoliation of the layer non-constructing a bridge, and performing 
postbake in next 90 degrees C / 90 seconds, as shown in drawing 12 , the 2nd resist bridge 
formation layer was formed on the 1 st resist pattern. 
[0111] 



[A table 10] 




* — /Vif--r X ( n m) 




0 . 2 8 1 




0 . 2 0 5 




0 . 18 9 




0.213 



[01 12] Consequently, the existence of the additive of a plasticizer or a surfactant shows that the 
bore of the hole pattern of about 0.28-micrometer size formed in the example 3 is controllable so 
that clearly from a table 1 0. Moreover, the effectiveness which improves compaction and the hole 
configuration of developing time was also accepted by adding an additive. 

[0113] On Si wafer with which the 1st resist pattern obtained in the example 23. example 1 was 
formed, considering a different resin constituent from 10%, 30%, and 60% as 2nd resist ingredient, the 
degree of acetalization of the polyvinyl-acetal resin of the resin obtained in the example 9 prebaked 
in 90 degrees C / 70 seconds, after carrying out a spin coat, dropping and, and it formed the 2nd 
resist film. Furthermore, mixing BEKU (MB) was performed in 115 degrees C / 70 seconds, and 
crosslinking reaction was advanced. Next, by developing negatives using ethylene glycol and a 
methanol mixed solution, carrying out development exfoliation of the layer non-constructing a 
bridge, and performing postbake in next 1 10 degrees C / 90 seconds, as shown in drawing 1 1 , the 
2nd resist bridge formation layer was formed on the 1st resist hole pattern. 
[0114] 
[A table 11] 
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[0115] Crosslinking reaction advanced more and the bridge formation layer was thickly formed in the 
1st resist front face as the degree of acetalization of polyvinyl-acetal resin increased so that clearly 
from a table 1 1 . 

[01 16] The 1st resist pattern obtained in the example 24. example 3 was formed on Si wafer with 
which the oxide film was formed, and the 1st resist pattern as shown in drawing 13 was formed. 
Next, after dropping and carrying out the spin coat of the 2nd resist ingredient obtained in the 
example 11 and prebaking in 80 degrees C / 70 seconds, mixing BEKU (MB) was performed in 110 
degrees C / 70 seconds, and crosslinking reaction was advanced. Next, the 2nd resist bridge 
formation layer was formed on the 1 st resist hole pattern by developing negatives using a xylene, 
carrying out development exfoliation of the layer non-constructing a bridge, and performing 
postbake in next 105 degrees C / 90 seconds. Furthermore, the substrate oxide film was etched 
using the etching system, and the pattern configuration after etching was observed. Moreover, it 
etched similarly about the wafer in which the 1st resist pattern shown in drawing 13 which does not 
process this invention as an example of a comparison was formed. Consequently, when this 
invention was applied so that clearly from a table 12, the oxide-film pattern to which separation 
width of face was reduced was obtained. 
[0117] 



[A table 12] 








( u m) 
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[0118] As mentioned above, as explained, in this invention, the detailed pattern formation approach 
using the charge of detailed separation resist pattern formation lumber and it which make pattern 
formation exceeding a wavelength limitation possible is acquired in detailed-izing of the separation 
pattern of a resist, and a hole pattern. Thereby, the diameter of a hole of a Hall system resist 
pattern can be reduced conventionally, and the separation width of face of a tooth-space system 
resist pattern can be reduced conventionally, moreover, the tooth space by which detailed 
separation was carried out on the semi-conductor substrate, using as a mask the detailed 
separation resist pattern which carried out in this way and was formed — or hole formation can be 
carried out. Moreover, the semiconductor device which has the tooth space or hole by which 
detailed separation was carried out by such manufacture approach can be obtained. 
[0119] 

[Effect of the Invention] The process which forms the 1st resist pattern on a semi-conductor 
substrate according to the manufacture approach of the 1st semiconductor device of this invention, 
The process which forms the 2nd resist which does not dissolve the 1st resist pattern of the above 
on this 1 st resist pattern, but causes crosslinking reaction with an acid, The process which forms a 
bridge formation layer in the resist interface part of the above 2nd which touches the 1st resist 
pattern of the above by supply of an acid, The process which develops negatives with the developer 
of an organic solvent system in which the part of the 2nd resist of the above non-constructing a 
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bridge is dissolved without dissolving the 1st resist pattern of the above, and forms the 2nd resist 
pattern. It has the process which etches the above-mentioned semi-conductor substrate by using 
this 2nd resist pattern as a mask. Resin meltable to the organic solvent which constructs a bridge 
with an acid as a resist ingredient of the above 2nd, Or it is effective in the ability to acquire the 
manufacture approach by the pattern formation technique which makes possible pattern formation 
which exceeds a wavelength limitation using the thing containing meltable resin to the organic 
solvent over which a bridge is constructed by this cross linking agent under existence of a cross 
linking agent meltable to an organic solvent and an acid. 

[0120] According to the manufacture approach of the 2nd semiconductor device of this invention, in 
the manufacture approach of the 1st semiconductor device of the above, before forming the 2nd 
resist on the 1st resist pattern, it is effective in the ability of the margin of the development 
conditions of the 2nd resist to also improve the configuration of breadth, the detailed pattern 
obtained, or a detailed tooth space by heat-treating the 1st resist pattern. 

[0121] According to the manufacture approach of the 3rd semiconductor device of this invention, in 
the manufacture approach of the 1 st or 2nd semiconductor device of the above, when the 2nd resist 
ingredient contains a plasticizer or a surfactant, flexibility and elasticity have been given enough and 
it is effective in carrying out on a membrane formation disposition. 

[0122] According to the manufacture approach of the 4th semiconductor device of this invention, in 
the above 1st thru/or the manufacture approach of the 3rd one of semiconductor devices, when 
meltable resin contains silicone system resin to an organic solvent, it is effective in dry etching 
resistance improving. 

[0123] According to the manufacture approach of the 5th semiconductor device of this invention, in 
the above 1st thru/or the manufacture approach of the 4th one of semiconductor devices, when the 
bridge formation part of resin meltable to an organic solvent is an unsaturated bond or a hydroxyl 
group, it is effective in the ability to acquire the manufacture approach by the pattern formation 
technique which makes pattern formation exceeding a wavelength limitation possible. 
[0124] According to the manufacture approach of the 6th semiconductor device of this invention, in 
the manufacture approach of the 5th semiconductor device of the above, it is effective in a pattern 
being controllable by adjusting the reactivity of a bridge formation part, and an amount. 
[0125] According to the manufacture approach of the 7th semiconductor device of this invention, in 
the manufacture approach of the 1st or 2nd semiconductor device, it is effective in a pattern being 
controllable by the developer of an organic solvent system mixing the 2nd good solvent and poor 
solvent of a resist ingredient, and adjusting the mixing ratio. 

[0126] According to the manufacture approach of the 8th semiconductor device of this invention, in 
the manufacture approach of the 7th semiconductor device, good solvents are organic system polar 
solvents, a poor solvent is water, and it is effective in a pattern being controllable by adjusting the 
addition of water. 

[0127] According to the 1st semiconductor device of this invention, it is what was manufactured by 
the above 1st thru/or the manufacture approach of the 8th one of semiconductor devices, and is 
effective in the ability to be integrated highly. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

["Drawing 11 It is the mask pattern Fig. used for the gestalt of operation of this invention. 
[Drawing 21 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 1 operation of this invention. 

fDrawing 31 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 1 operation of this invention. 

fDrawing 41 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 1 operation of this invention. 

fDrawing 51 It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 2 operation of this invention. 

fDxa.wj.ogJBl . It is a process flow Fig. for explaining the resist pattern formation approach of the 
gestalt 3 operation of this invention. 

fDrawing 7] It is the top view showing the 1 st resist pattern in the example 1 of this invention. 
fDrawing 81 It is the top view showing the 1 st resist pattern in the example 2 of this invention. 
fDrawing 91 It is the top view showing the 1st resist pattern in the example 3 of this invention. 
[Drawing 101 It is the top view showing the 1st resist pattern in the example 4 of this invention. 
fDrawing 1 11 It is the top view showing the examples 13-15 of this invention, and the 2nd resist 
pattern in 21 and 23. 

fDrawing 121 example 16- of this invention — it is the top view showing the 2nd resist pattern in 20 
and 22. 

fDrawing 131 It is the top view showing the 2nd resist pattern in the example 24 of this invention. 
[Description of Notations] 

1,11, and 21 The 1st resist, 1a, 11a and 21a The 1st resist pattern, 2, 12 and 22 The 2nd resist 3 
Semi-conductor substrate 4, 1 4, and 24 Bridge formation layer. 
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U ^2©l/v^ hS2^JfMt-5 t> 
[0 0 2 3) 0 2 (e) l^-flUK, ^frSffi 

3*m&J£ (6o~i 30^ a~F5:3-»y-'-<— ? : 

<b $2©l/y^ h 2tp-{fe&U ^2 

a^m-T5J;5>l^mK^L/c^ 30 
Hl4iii2l2Wlx-y7 F 2f l^J^ ~<Di§3-<£> 
MBSg/^li, 6 0—1 30*0/60-1 20 56 

±mnm^x%m-fz>mm (mbh^) zm&-tz^t 

[0024] IkK, 02 (f) IC^i-J; ? fc % 3L{gtlS£ 

Lx\,^j:\,^2<DUi>xh2£m®Lmmi-z> 0 a±<o^ 40 

[0 0 2 5] tl±, @ 2 £#K LTtfcPjl LfcMi£?7)£T- 

ii. 31 1 coi-v^ v '< t> - ^±\zw,2 <d hmzm 

J&Lfc&l^ iiS^JD»iAQ ; S(c:i , 3^1 ©l^y? h/^ 
->1 a <f/J><b. $2©l^yx ^6££i£i!!2-fc>:-5S£Sr 

(Wfctf. 8 5t-15 0t) *'ao~t\Z£y, £$' 50 



1 1 -2 8 3 9 1 0 

6 

z.tfr~mfcx-hz> 0 

[0 0 2 6] Jb$©j; 5>{-Hl <DUi??. |-^-yi a 
[0 0 2 7] &|C1. AO^Ma^ftfcoT*fcttiPH*^S 

- xDm^-^mm-t 5 ft©/D -t * 7 o -0x*fc 

S„ *-f, 03 (a) „ (b) (302 (a) % (b) h 

[0 0 2 8] ±U<D£?lZ.m2<DUi/*. hS^M^Ltz 
0 3 (c) l^jrfiple;, i?lHg7>7*©gIJ 
til i »-C^ffS«Sr^iB«3t L. m 1 © h f 

©1^-^ h^Syt^fitCl^CT, Hgyyy, KrFi 

v , mmzk <o &<BW±t^mx'hi?ti£!&\z-mj££tvz 

[0 0 2 9] Z\<DZo\z.. mz<DmX\^ f2©Vy^ 
1tZ>h<DX'h<9 , gl cou-iy;*. h l f 2©Uy^h 

2tat>iifctttiTar*-r5fci{>, n©yyx h 1 
ts„ 

[0 0 3 0] il©];^;, ^Lfc^SB^gtU^^ h 

[00 3 1 ] 6i±0«Ttt, S« 3 <D^igT*'(lS!*iH 

L'v 1 ^ hy<* — >SrJfM-t5>jrS^ov>TUiKL/c^. 

w OiJ-g-CDKiS* ft©7"o -fe ^ 7 d -fflTh Z>„ 

[0032JOJ1 04tr^Lfci9(c, Biroi/-^ 



7 

[0033] 04 (a), (b) ©ISliv 0 3 
(a) , (b) cOXgt|5l«T-fc5„ 04 (b) I^L 
SB 2 <D h 2©SSrJgj*Lfca^, 04 

(c) fcSW-J:5l^ ¥£fc&E3<0-fflS*)£#;|S5-c- 

04 (d) fcjjH-J:5l-, »jt$*Lfc«S^|c*5V^ 

[0 0 3 4] ±f£|f| 2 l^X M^Ko^Ttft 

< LUK J: 9 S8tl1-5^«»aKTfJ»4tt 

SE»^©gjR£ fcli*:/u-£:ail;: J; O^rit-f 5. 3! 

tLbowwi/sii, awl-famous?* vmwz\t 

[0 0 3 5] o£ 9, S2©l/y^ McSffliSFftStt** 

?SEI-i9^lSSS*l£wi-^-2©u^^ Ml, U^*h 
bK, Kco#aicj:9^tgS^?rig-f-m2(7)Uv ; ^ h 

[0036] ttmtmmi^mtemm t lth. #y 
y ifi/w 5 *ry ^ y;u&>fvK 



(5) ^HB^P 1 1 - 2 8 3 9 1 0 

8 

vs^^^si, $is?^mm, y^y-^mm, 
mmj££tiz>kv>x-ntj:<. 3&mB.&£{&m-r?>B.& 

[0 0 3 7] l2©l^v?XhW4i^^5Wlt _hfS 
LTffl^TtlK k<lc. ±Umm<Dm&l$.$TX<D 

[0038] ±E^r«jsai^Tiig35c3iga»itt, it 
^j^tf^T-v^m. ^yy-;i^ ^^^^^^ 

^v/m;^ ^y=i-/p^yy^ ^ 
xhtiifmxi>&.\,\ 

[0039] atz. %2<7>ui;?. httm^m^zmuts 
j;uLhiE3i2owv?* h*m& mm -tzmm. m 

f$Li-Z®mkmmii:+#®M L, ±BM \<dws*V 

7\ if^tDy;U7'. N-y f-^foU K>\ N, 
50 N ' —/^f-Wyi'A7i K, /b, y^y — 



9 

^y^— /l^ :x^vi^<>1?> v i?:£^yW< n — 
yf/Ux-r;l' > n— 3-y>\ n ^ 

[0 0 4 0] ^WK&I^TIi, Il©l-y7 hfc|g2 

[0 04 1 ] BlWl/y^ h kW,2<DU^* Y k<D%m 

-m mb ) iag, ^sutra^ing-r^ 1201/ 
M&L±<D®m*&$L, zvus&zmB-tz. (4) 

[0 0 4 2] L«>L44*t>» rftfc©*«E£W*y»tt 
-SWteft££ft31>0>T'ttfc<, (1) gffl-TS^l 
wv-^ b^t^S^tt, (2) J(Sl©u^h^ 

(4) ftfflpIffi*«jt*ft*fcH:MB*ff» (5) feffi 
*WUMMr*afl;1-3w tot, B2<0 

[0 0 4 3] #3BWtt» ±l£(0.fc?IC, ttfiB^K 

Bi^t'ro^gtoiicjfM-rsa-g-tfo 1 ?, *fc#y 

[0 0 4 4] **W^j3t^T. ilO^M 



(6) $BB¥ 1 1 - 2 8 3 91 0 

10 

#^6 0°C~l 5 0t©eit\ «ilf*yF7'V-h 
±T- 3 0 3 0 0 S>WNF^T*toa-f5 i 
10 [0 0 4 5] ^SSWfcfcl^T. |2 0I/^XW 

fc^/j:BrM^lOlSS*)5vMi2S^±og^^ 
m^D^tJ <fc LT, 2 0 w t %£XT<Dm&XStt c\ kz\kli 

hhL< tizf^-O^y 9 is- httk'oyy? 

*y±— V h L< >&hV? Uyyu/ii'(DyyMi 

20 y'J-fry? V^f-^V K hD^u 

^y=.-yK 3— 1 . 3, 5— hy 

^--^t>L<H h y^^I/^y-'y a-^y/fl/- h/i 
^-^^ir/^- Vt£k'<o±'< J !r- S^^^Mk* 

30 [0 0 4 6] *7c, &%W\0$^X^ B2©Uy^hW 
^ttSr^SttSIt LT. 2 0 w t %^TWjggT-^tf r t 

se^^x/K ^y ^dr^f-uv^y i? y 

x/k ^yy'y-ty vfliiteii^^x/K y*t**>Bffi 

x x ^, ^° y ^- >3t f - u v y f - ^ vBIHSgf^ ^ 

*"y ^-^v-^^w^t^^-/^— t-as^ ^y^yxf 

50 y 3-yMJ§j|/j8£aL;*7vK *y^-^^^u>T^^/u 
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[0047] ttz. *^e»!icjs^x«, ±mm2(Du^ 

[0 0 4 8] *7c, ^IP^&l^Tfi. B2(7)U^^h 

[0049] *fc, **B^icfcv^xii, ±ie^m^j^ 

^LfckWT-fc'J, JtSrPfif 5: tick •? % 

[0050] m*-\i, &'mfflkLx^m%:M&mm%m 

[0 0 5 1 ] £/c, *«W»¥«ftiK£$IBl3. ±IB^ 

[0052] ^tecojf^2. @5(4, *mw<Dmifo<Dm 

*(?)7"Pt77P-iT-fe5„ Hi &,fcl/El5£#BBL 

[0 0 5 3] 0 5 (a) l^-f J; ^igfcglg 3 

1 -5 0 g§ 1 <DUi/7- Hiyy^— (60~1 

5 0°CT'l^gg(7)SiMS) £JgL7c&, Hg7>7-« 

gS4fci4 i *&jbi\ mi <Dmte'<?->&mt?-^x 

?£Rl\<^§m±i-Z) (i5fl±f»§LTl^) „ ~<D 

'ik. P E B ( 1 0 ~ 1 5 0 °C) T-gR^a 

U l"^ hrofi?^g§r(Pl±$-y-7c^, TMAH (fF 50 



1 1 - 2 8 3 9 1 0 

12 

7^f/l-7^!)A^ FD«t-f K) ©|!)2. 0 
[0 0 5 4] ffcRfc:j& hf^oy^y/ 

13 5 (b) I* tltzWiKDUVx b<D;<? 

—>n tezsts^i?* v 1 1 

^X h7"Dt7|;i5Pi/7 K^-^ffMtlsMiT- 

[0 0 5 5] ^idia 5 (b) -l/Wsfitffc. 05 

(c) t^-fi?^ (>7^\) 3±K, ft 

h i l 5r^ft?L^^?g^|(c^$tLfcB2(Ot'v ; x h l 

[0 0 5 6] &(;:0 5 (d) IC^1"J;9i^ 
3 2rgfc#yi (6 0-15 Ot) L, h 1 1 

Hi" 5 J: 9 fc*«Kj£:£e r Lfc^^S 1 4 #S 2 © u 
[0 0 5 7] ^(C, 05 ( e ) Id^i" i ? \^ R^tr 
LTI^^I2©^ h 1 2^Jt^*ISt-f-5 0 «±<7) 

[0 0 5 8] ijlioj:?!,:, ze>mi&<Dj&M2lziotf?> 
i5t:LTV^. :©^lOUy7H:ttt^tL 

[0059] ^jb\ ni&(Dm-$fc i X'^tzm 1©^ 

l-©ttfl % 2 (DU^xb coffin ^K^'fhZCDm^. 
^ *> 5 ^ I4?SIB /jc* -/p/j: fj^^i- 5 - t 

[0060] mmmm3. men. *%m<Dmm<Dm 

fc»©7 , Dt^7D-iffc5 ( 01fcit/06^#B2 
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[0061] nt-r. @6 (a) izm-taoi^ *m»& 

% 1 (DUis* V 2 i ZWfr-f 5„ Iirou^ 
hicyy-^-^ (6 0-1 5 O'CT'l^SSwUft^a) 
^L^m> il<Dl-y^KDi«ftl:ii;i:t, 0a*. 

P-i'&'Strvxf&m^X&KWtft-fZ (S6^T"li 
o jftSI-J&CT, PEB (10-1 5 01C) XB 
J&SL7^M/^b©^tg(p)±$-a-fci N TMAH 10 
. (r h7 ^W^^^AW Kn^iM" K) ©**) 
2. 0%*JR*»»Srffll^ffei-5. 0 6 (b) 12, r 
5 LTffM^^fc^lWl-^^ h<D'<f — >2 1 a £^ 

"to 

[0 0 6 2] i&glCJEfc D# X hf^oy^y 

[00 6 3]@6 (b) <7V^->JfMiL 06 (c) 20 

ii*^tfSiv^ji4«»j**tt5 Q r©i^ &m\z 
£ im ^x v > * -t z> o 

[0 0 6 4] ^©m, 0 6 (e) K^-fJ: 51-, IB 1 CD 30 

uv>* h^-^-^2 1 a ©±ic, mo&mm&m-t 

V^JI^^^$tvfcB2»U-v : 7. h 2 2 6. - 

mm i T^^fcw^ t m ttmfrju^s z t a* njtg-c$> 

[00 6 5] i^td. H 6 ( f ) Id^-ti 9 |C, 40 
tS3 3r?&&lS (6 0-1 5 0°C) LT, 5^rv->^- 
y-£frv\ fl©i^y^F2 1 afrh<Dm<Dm$X%i2 

JSSrlgr ^-tir-So ^ttti*), fSi©Wv?^ h 2 1 4r» 

[0 0 6 6] @6 (g) lO^-fiplw, 

Ul^ < ci,^2WUy7. h 2 2Sr5fft*J|ili-5 0 J£l±© 



#H¥l 1-283910 
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[00 6 7] 6lloj;9l;, z.<D%%mmz\zi.h. 

[0 0 6 8] C©H)t©Jg«3jC*it^T, SBKDUi?;* 
JJg £ *7 h * J -y &7 *s K3R«#a«» £> $ ft -5 sK 5? 

si'^ h©gffltpri6-e*>*>, ffftt-U; •Jg^S^i- 
®*g 3 c js^r t@ffl7is -timxhZo 

.[0 0 6 9] ifc. r©J:5fcLT»rtLfc*ai»ll|i^ 

[0 0 7 0] 

[Hlfeeil] Ute^l. IlWl/y^htLT, 

T2— -79 J y^m^tz. i&lsisx h§rfflt\ l/y^ 
b/<9->£J&f&Ltz„ ilBu^h^r, Si «> 

^/^-±(CjgT, @fcM^iU/c^, 8 0^/7 0#T'^ 
y-^-^trftv\ i/-y^ h^^^^^^-frT^l W 

T> 0 1 IC^-^J: o f£-?*9 Zm^^X. %1 Ol/yX h 
*S3tUfc. St, 1 1 5*C/9 0#TPEB4!iSSrff 
l\ ^V^T. T/UTJy^JK (NMD 3 : ^ftitum 

[00 7 1] |g 1 ©I'-y/ FtLT, y*"9 

7— hSrffiv^fc i ^u-v 5 ^. h^rfflv\ i/^ h/^-y 
^fiKLfc. ST, -bie^x s i ■7^/n-±^ 

bil/c sic, 9 0*0/7 o^r-yy-<-^srnv\ u 

Sr^ofco St-, 1 1 5^/9 O^T-PEBAOra^ff 
V\ ^V^T, 7^*]>gMft» (NMD 3 : SUK£<fctt 
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[0 0 7 2] HJS09 3. 11©^-^ h t LT, fc^tg 
h/^->£ffML7c 0 £f\ ifeuv^h^r, S i >7 

^-±icjgT, ®mmmz.SL <ommmo. 85 um t 
tezkoi^f&mLtz, m^. 9 ot/7 o#T-yy-<- 

y*£m\ h^roe^^^^-fr/co igc^T, K 

ote-?x?im->x, m%.i:?Totz 0 1 i ot/ 

7 0#T-PEB^aS-tTV\ fc^T, T^Um^ 
(NMD— W : MxfclMm) ^m^X^Wirn^K H 
9 IZyfilrX. ?&#gf-y- -r^^^o^l^^^ 

[00 7.3] IlW^htLT, t— B 

s^iiitsiy^v 1 ^ h i/-y* h'<?->&m 

f&Ltz 0 £f\ ±mui/x h£ x s i ^^-Jhicijg 
T, 0eM^l'J; ^BIJ^O. 6 0„mt^5i 
BlLfCo &lc\ 1 1 5t/l 2 0#T-<-^^fift\ l- 

0 : BgfPttlttM) 9 0 

v*T, le^^c/cm'fiirn^ &ic. sot 

/l 2 OfjrCPEBSrtrofccO*,, *>&7k£/B^T^«K 
JtK£S<M, KTMAHT/^UIK (NMD— 

ffo/c 0 -?rO^^ @1 Otz^-fX 5*, ft0.24^ 

[0 0 7 4] fcfc:, l2«Uy^FW3H;if5^0il 
lc-D^Tt£BJ3-f 5o 

[0 0 7 5] !fe5&#J5. |2«l'y^ h$t£f£ LT, 1 
L^^77^3^ffll\ #y t'^;U7±^-/umm2 5 
g (C^L-y^y 8 0 g y — JU9 5 g £ 

APx., MfiT- 6 vmmft U *y V-jU7±?-sls 

[0 0 7 6] HJ£#J6. |2©y-/Xl-TOHT, 1 
Lt£jg£flH\ f"-^/^^->;Hr^^^-^-^^2 
5 g Id 3rv-u>-4 7 5 g SrflDx:, 7i-7'd-? y — T* 

ISTH^iggL, y t-^uy^yi-yyH?**^ 

[0 0 7 7] |»]7. |g2tf5U--y* MflSf* LT, 1 
L^777^^4-ffl^T, y S*->y ^l^y 7 5 >1 
O0g^^/-/P9 00 g STRICT 6 B$^]f]f jg^" 

[0 0 7 8] Mt&W8. |2©l"/7 httfifi LT, 1 

=3r->^:f-U>J£3ff ] 0 0 g, (N-n^rWf/l-) t 
FDifyifi^ylHoOg, N— y }^->y^vl^ 
ilOOg >PlC, Ztli'tl, ol^ 5 0 g, -f y 



(9) ftBB¥ 1 1 - 2 8 3 9 1 0 
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7t"<;-jV50 g ^si^sB^Jtft^-g-u * 

i o w t %<D^u>mm®m$:'&tz 0 

[0 0 7 9) HJS0ij9. ^201^y^hfflHT, I 
JS^J5T-#fc^y t'-/UT-fe^-/u^l 60gtli 
#l7T-#fcy h*->y ^n-/uy 7 $ >mm2 Og, 

y 7 , nyv-^2 o g%£fcx°6mffl&ftn&L, mm 

[0 0 8 0] Hi£#Jl 0. B2©l/y ; 7FffliU, 
^tfe0H5T-#£**y t'=^7-fe^-/^?g 180gi| 
10 J£0iJ8T-#fc (N — y h^yy^) y h*->^U> 

f l^>Sf20 g> N— y hdr->y^;^»2 0 g<£ 

lc, -^iveixy l>3-v"<>-i?>2 o gZm.UX8tiffflM 

[oo8i] mmmi 1. ^2©uy7 wr-fHt, 

« i 6 o g t 8 xiffc y h * -> f - u 

©lOg, 2 0 g, 3 0 g t/ h^^>if> 2 0 g^r 

3y hdrv-^^l-VS^WiSg^, fillwtl 2 0 
wt%. 2 7w t %©31M2 0U^ 

[0 0 8 2] mW.mi 2. f2U)y-^ hi LT, 
W 6 T*#/c*° y k'^vM ^/i-->/u-t ^. ^-df -y- >^fla^ 
1 0 0 g **y h"^^-> n *y->ffim<D 5 w t % 
y h^->-O-if^^4-0 g. 35. 3g, 72.2g£ 

^•yu -> A-t? ^. ^ ^- ^ -y > t jj? y t*- d ^ -y y ^ 
30 li(7)ig^H:<oM^ 5 3 ffl»i<D&-g«>H#fc 0 

[0083] IUfNl 3. S»)2f#ycil©l/v ! 7 
h^N^-v^jfM$tifcS i -y^^N-±tc:, HJ£0>Ji 2 
T-#/c^2c0l^v?^ FWMS-jgT. ^fy^-Hfc 

9 01C/7 0#T'7°y-<-y §rtTt\ |2©l/y^ 
bmS-^Lfc,, 1 1 5^/9 0f^T'5^f-»y 

(MB) ^trv^S^5riiff$*fc 0 y 

h*~y^>^>t*i'i'><Dfe<&®m$:m^x$i&zfi 

L N ^< 1 0 0t/9 0#T-*°^ h-<-^^t7 5r ile 
40 Ell 1 l^-t± ^ltOt'V^ h/<^->± 

^m2<Duzy^hmmM^mhtz t , scorns, ®m<D 

MlfMoi'yx h^^-v-y-rxcD^t^^-f-^ i 

*-9->®mkXV t'-^-yDdr-y-v^flg^fg^^^^ 
SrtlcJ:^, ©yy7 h±lc^|ijt^ix?,$i?fill© 

[0 0 8 4] 
l«l] 



(10) #§B¥ 1 1 - 2 8 3 9 1 0 

17 18 



*g-£Jtfc (w t ) 


V i? 7s 




'J t - ;v * * jv > 
/Hr * * * > 


if > 


* — )V 


^ >f > 




0 


0 


0.403 


0.405 


0.405 


0 


5 


0.377 


0.379 


0.377 


5 


3 


0.365 


0.368 


0.367 


5 


5 


0.343 


0.347 


0.348 


5 


0 


0.300 


0.305 


0.304 



ioo8 5] z(o>v ^-^(ommzm^mmM* \o*mzm^xi&®L*'a\,\ u m< i 

2 0t/9 0#f^ ^-^trs^ifdiO, 01 
l td^-Ti 3 Id, Sl»l/y^ 

fctb*»*J:5t-, XSJI^Ai"SM«>j|lO0. 3 
5 (im©^ h*— /i^-?*— >-tMX#, £fflS7fc£- 

1008 7J 
[*2] 





* — ;p 


^ -f > 






0.353 


0 . 3 5 5 


0.355 




0.327 


0.329 


0.327 




0.315 


0.318 


0.317 



[0086] %mm 1 4 . i x-ntzm 1 © us?* 
h^<^->mm^ntzs i ^/s-jiid, h^jst- 

h Ucl, 9 0°C/7 Of^T-yy-^-^^tT^, ^2C0 

?zc/N-|d£®g#£tTofc 0 $<b!d, 1351C/70 
f<j?-C$*-»^-^ (MB) Srm\ 3S«R£«riifT 



[0 0 8 8] MB-<-^miid±B||^^n^ 
fTfrfc^a^-fctfc^T, &«££#.]; 9 ii 

loos 9] ^is^ji 5. mmm2x-n±m kouv* 30 

Tit fc -fy k*=;M vvH? * *;*-*1t £ # y 

*t°>=>- h Lfc&, 8 OIC/ 7 O&TyD^-jr&ft 
V\ 1201/^ MRSrJB&Lfc. &ld, 1 OOt/9 
06b, 1 1 0t/9 0g>, 1 2 0°C/9 0#O£lS© 
^#T-5dr->V^-^ (MB) £tTV\ »*R^^fT 



2/1, 1/1, i/2©a^*«tSrfflv^3l*iff 
U\ #3K«S£3lftf»«U ^< 9 0t/90#f^ 
K-^Rp: <ttdi;9. Hi 1 fd^i"* ? Jd, mi 
K/^->±|dm2©u^^ h*«g&J&*L 
fc. ^©S*, S3 ^fti^ld, HUSH 2 T? 
ffMLfcO. 4 ^mt-f X©*-/U/^->W(^gfcJ; 

1/7 - > t m&B Ls< ? — >iz *5 ft -5 7. ^— * 

[0 0 9 0] 
[S3] 
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(11) 



4#P?S¥ 1 1 - 2 8 3 9 1 0 
20 



(-C) 


> -tf > /x. # J 




=> << > 


Mil 


MMm 2 (l/y^ h 




0-39 
7 


0.40 
1 


0.40 
1 


10 0 


2/1 


0.27 
3 


0.31 
7 


0.31 
2 


10 0 


1/1 


0.26 
3 


0.30 
6 


0.30 
4 


1 0 0 


1 /2 


0.23 
7 


0.27 
9 


0.28 
2 


1 1 0 


2/1 


0.26 
0 


0.30 
2 


0.30 
0 


12 0 


2 / 1 


0.24 
9 


0. 29 
7 


0.28 
7 



[oo9i] £?>k x mm.v>* 

X't>3§>'Mfc;£tU A>o-f-©y<^ — >CDx— /<— 9 0 20 

[00 9 2} UteW 1 6 . HJSfiSiJ 3 Tif fcjg 1 CO l^v>^ 
h'^-^iJ^gcjxfcS i 1 OtT'^r^ 

TLfcm, *\©*:*^±|^ H3fe«?!l5T-#fc^y fc'^/l- 



* 8 5°c/7 owx-yy^-tzft^^ %2<n>W7.vm 

Sr^Lfc ifctd, 6 5t/7 0#+10 0t/9 0f 
(MB) £-ft<,\ 3?tjgK££ffo 

v l?i£0ij 3 T'JfM Lfcl 5 ) 0 . 2 8 ^^ X<D*-/b 

[0 0 9 3] 
[*4] 





MBSI (*C) 


^f^^lOfil (wt%) 


1 1 0 


1 2 0 


3 


0.281 


0.281 


0 


0.269 


0.245 


1 0 


0.248 


0.225 


2 0 


0.223 


0 . 19 6. 


2 8 


0 . 18 0 
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